REFEREE REPORTS
Referee #1 (Remarks to the Author):
In the paper "Global analysis of core histones reveals nucleosomal surfaces required for chromosome bi-orientation" (Kawashima et al.) , the authors present the screening of a previously generated library of histone point mutants for sensitivity to spindle poisons. They identify clusters of mutants on three regions of the nucleosome that confer sensitivity to these drugs. They characterise these, and in particular one of these, H2A-I112A, in more detail and reveal that chromosome biorientation is defective. The authors postulate the mislocalisation of Sgo1 and the chromosomal passenger complex as a plausible reason for this phenotype. These conclusions are backed by a number of experiments.
In general, the experiments presented in the manuscript are highly interesting and well carried-out. In most cases they adequately support the authors' claims and interpretations. However, several points should be addressed before publication:
Major points 1. A previously published study by Yoshinori Watanabe's lab (Kawashima et al., Science, 2010) has shown that phosphorylation of histone H2A at S121 is important for recruitment of shugoshin to centromeres in fission yeast. The authors' finding that S121 and its neighbouring amino acids also contribute to Sgo1 recruitment in budding yeast is consistent with this. This previously published finding has to be introduced and discussed from early on.
These C-terminal residues of H2A may structurally contribute to the recognition by Sgo1 or by its binding mediator, as the authors hypothesise. However, it is also possible that some of these residues may be important for recognition by Bub1, which phosphorylates S121. Therefore, an obvious question is whether S121 phosphorylation is affected in I112A mutant cells. It might be difficult to quantitatively determine the phosphorylation level in vivo without a phospho-specific antibody, but it would be possible to test if Bub1 can phosphorylate this I112A mutant in vitro. At least, this possibility should be discussed. P20, line 2, "...the SGO motif in the C-terminal region is required for the direct association with histone H2A and H3 (Kawashima et al, 2010) ". This is wrong. The cited paper did not demonstrate a direct interaction. This paragraph is written on the assumption that Sgo1 directly interacts with the C-terminus of H2A. However, it is highly possible that there is a mediator protein that links Sgo1 and H2A. This possibility should be mentioned earlier.
In the last sentence of the paragraph, change "also provides a docking site" to "may also provide a docking site"
Figures:
Fig1 B-D would benefit from the inclusion of arrows indicating the rotations that lead from one image to the next. Fig2 A, B. I would prefer the panels containing protein structures to be on a white surface as they are hard to see/read as they are.
Methods:
The authors should indicate the strain background they used.
Referee #2 (Remarks to the Author):
In this manuscript, Kawashima and colleagues utilize a comprehensive budding yeast histone point mutant library (histone-GLibrary) to identify residues of canonical histones required for proper chromosome segregation. The same group generated this library (Matsubara et al., Genes Cells 2007; Sakamoto et al., Genes Cells 2009) and used it already to study the effect of histone point mutations on sensitivity to DNA-damaging drugs like hydroxyurea (HU) or methylmethanesulfonate (MMS) (Matsubara et al., Genes Cells 2007; Sakamoto et al., Genes Cells 2009) and for a global analysis of functional relationships between histone point mutations and the effects of histone deacetylase inhibitors (Sato et al., Genes Cells 2010) . In addition to the studies of the Horikoshi group, a similar scanning mutagenesis approach was used by other researchers to identify histone residues required for H3K4 methylation (Nakanishi et al., Nat Struct Mol Biol 2008) .
In this study, the histone library was screened for sensitivity to the microtubule-depolymerizing drugs thiabendazole (TBZ) and benomyl, leading to the identification of 24 histone point mutations conferring sensitivity to these drugs. Based on the nucleosome structure, these sites were classified into three groups: (I) the "nucleosome entry site", (II) the "acidic patch" and (III) the interacting region between histone H4 C-terminal tail and histone H2B α2. The authors focused their study mostly on H2A-I112A (region I) with some experiments performed for H2A-L116A, -L117A, and -S121A (region I as well). They made the observation that these H2A mutations cause chromosomal instability (based on flow cytometry), although the spindle assembly checkpoint was presumably active (see comment below). Chromosome segregation in the H2A-I112A mutant was particularly defective when cells recovered from nocodazole treatment. This was reminiscent of cells defective in shugoshin (SGO1) function, and indeed the authors observe reduced shugoshin and CPC binding to the centromere by ChIP. (For fission yeast, it has been shown that shugoshin helps to recruit the CPC to centromeres (Kawashima et al., Genes Dev 2007) , and CPC function is crucial to correct errors in chromosome attachment.) Here, the authors also demonstrate that overexpression of shugoshin rescued the TBZ/benomyl-sensitivity caused by mutations in region I and II (but not III).
The experiments in this manuscript are generally well performed and well presented. However, one of the examined mutations in histone H2A has actually already been well characterized. Shigehiro Kawashima, Yoshinori Watanabe and colleagues showed in a recent publication (Science, Jan 2010) that H2A-S121 is phosphorylated by the Bub1 kinase (which had been well known to be required for shugoshin localization) and that mutation of this residue to S121A leads to chromosomal instability due to mislocalization of shugoshin. On the one hand, this weakens the novelty of the findings presented here; on the other hand, this actually helps to understand the authors' findings. In the absence of the information on S121 phosphorylation and its effect on shugoshin binding, it would be very difficult to make sense of the authors' results. I therefore strongly suggest that the authors of this manuscript turn around their argumentation and rather than 'hiding' the H2A-S121 phosphorylation results by the Watanabe lab in the discussion, present them upfront and relate their findings to these previous ones. In addition to the above mentioned study (Kawashima et al., Science 2010) , it has also been recently demonstrated (for human and Xenopus) that the CPC directly binds to histone H3 phosphorylated on threonine 3 (Kelly et al., and Wang et al., both Science 2010 ; these studies could also be cited). Hence, it has become clear that the Shugoshin/CPC complex directly links to nucleosomes.
In light of these findings, a more detailed characterization, which nucleosome parts could be important for Shugoshin/CPC localization (as in this manuscript), could be interesting. However, in addition to what the authors already show, I think they need to provide a more complete picture, including a more detailed characterization of the other regions (II and III) that they identified:
-Do mutations in all the three different regions (I -III) cause a similar effect on chromosome alignment ( Figure 2E /F)? TBZ/benomyl-sensitivity is not a very specific phenotype and can be caused by many underlying defects. Since only region I and II, but not region III mutations are suppressed by SGO1 overexpression, it would be interesting to see whether the segregation phenotypes are actually distinct.
-Do mutations in region II and III also impair Sgo1 and/or CPC binding, or is this specific for mutations in region I? -As far as I know, reduced Ipl1 binding in the absence of shugoshin has never been demonstrated for budding yeast mitosis (although there is data for meiosis). It would be helpful if the authors used their ChIP assay (Figure 4 ) to show whether this is the case.
-It would also be informative to see how the different mutations (region I -III) affect H2A-S121 phosphorylation. This is admittedly difficult, but the authors could try whether the published antibody directed against S. pombe H2A-phS121 also recognizes S. cerevisiae H2A.
Other major points:
-The experiments shown in Figure 6 are not well connected to the rest of the manuscript. The authors make two points here: (a) In the presence of histone mutants in region I, nucleosomes may be hypoacetylated. If the authors want to make a point about acetylation, I would strongly suggest that they directly demonstrate (by immunoblotting) that there is indeed a change in the acetylation status. The rescue of benomyl-sensitivity by the rpd3 (HDAC) mutant is marginal, and it remains unclear what the authors want to conclude from this. (b) Htz1 incorporation around centromeres is increased in the H2A-I112A mutant. This is a potentially interesting observation, but, again, the relevance remains unclear. Is this specific to the pericentromeric region or also true for other chromosomal regions? Is this related to the loss of Sgo1? Do sgo1∆ mutants show any change in Htz1 incorporation? Does the change occur for mutations in all three regions (I -III)?
In addition, one summarizing sentence on these experiments ('This intriguing observation suggests...'; end of results part) contains a grammatical error. It should read: '... H2A-I112A cells substitute canonical nucleosomes for Htz1-containing nucleosomes...', not the other way round.
-In Figure 2E , the authors want to show that H2A-I112A cells are not spindle assembly checkpoint defective. In my opinion, the assay being used is not conclusive. Obviously, H2A-I112A cells are slow in progressing through S phase (consistent with them also being sensitive to MMS and HU ( Figure S1) ). It is therefore unclear whether these cells indeed reach M phase or delay the cell cycle at some earlier stage. I would prefer to see an immunoblot for this experiment showing by staining for a mitotic CDK substrate (that shifts upon phosphorylation) that the cells become mitotic and showing by Pds1 (Securin) staining that they do not initiate anaphase.
Minor points: - Figure 2D : This is a nocodazole arrest/release experiment, where cell cycle progression is monitored by flow cytometry. It is unclear to me how the authors can arrest cells with a mad2 deletion (strain: YSK501) in nocodaozole. These cells should be checkpoint-defective, and hence not arrest. It is also unclear to me why the cultures get shifted to 37 o C after 3 hrs in nocodazole.
- Figure 3D , F and S3B: The authors show that the H2A-I112A mutation increases missegregation and mono-polar attachment in particular when cells are released from nocodazole. This has also been shown for sgo1 mutants (Fernius/Hardwick, PLoS Gen 2007 should be cited in addition to Indjeian et al.) . In my opinion, it would be better to make a direct comparison to sgo1∆ or sgo1 mutant strains rather than to an ipl1-321 strain (Fig. S3B ), which has a more severe defect.
-page 12, last sentence: "In contrast, the mRNA levels of CPC subunits (Ipl1, Bir1, SLi15) and Sgo1 in H2A-I112A cells did not differ from that in H2A-WT cells (data not shown)." In my opinion, 'data not shown' should be generally eliminated from manuscripts; either do not mention the result, or show it. In this particular case, it would furthermore be better to demonstrate by immunoblotting that the levels are unchanged. This is easily doable by using the same antibody against the HA-tag that was used in the ChIP experiments.
- Figure 4D : This immunoblot is not too convincing. It should be presented in similar high technical quality as the rest of the manuscript. The authors claim that, despite the lower expression level of 3HA-Sgo1 in the H2A-I112A strain, they pull down similar amounts of Sgo1 in the H2A-WT and H2A-I112A strain. This would be more convincingly demonstrated by additionally loading dilutions of the samples, which makes it easier to compare the abundances.
- Figure 2D : The flow cytometry profile of the H2A-L117A strain seems very similar to the one of the mad2∆ strain, suggesting that H2A-L117A may cause a spindle assembly checkpoint defect. It would therefore be informative to include the H2A-L117A strain in the experiment shown in 2E (or another experiment testing for a potential checkpoint defect (see above)).
-text, page 12: 'Kinetochore proteins...' Sgo1 and CPC are not bona fide kinetochore, but rather centromere proteins. It therefore seems more appropriate to start the sentence with 'Kinetochore or centromere proteins...'.
-text, page 13, first sentence: '... was concluded to induce mono-polar attachment by mislocalization of CPC and Sgo1.' This statement is too strong. The results suggest this, but do not show it. A strong statement could only be made if the authors showed, for example, that the segregation defect in H2A-I112A mutants can be rescued by artificially recruiting Sgo1 to centromeres.
-text, page 18, '..., suggesting that budding yeast mitotic chromosomes may have an intrinsic geometric bias to biorient on the spindle'. This is an almost direct quote from the abstract of the cited paper (Indjeian et al., Curr Biol 2007) , but in the context here, this does not fit. Indjeian et al. make this conclusion on 'intrinsic geometric bias' after many, quite complicated experiments in their paper, and this cannot be concluded merely from showing that nocodazole increases the missegregation rate, as is implied here. This conclusion is also not relevant at all for the context of this study here. This sentence therefore needs to be re-formulated.
-text, page 19 'shugoshin... is required for CPC loading'. This has also been demonstrated for budding yeast meiosis (Yu/Koshland, JCB 2007) , which is relevant here and should be mentioned.
Referee #3 (Remarks to the Author):
Chromatin is a macromolecule, which is remodeled all the time to define specific sub-domain and to maintain or adapt gene expression and function. Epigenetic mark of the centromeric domain is the specific Centromeric H3 variant, called CenH3. The structure of the CENH3 nucleosome is a subject of some debates and until now, this question still opened. Different models are proposed: canonical octamers (Camahort et al., 2009 , Black et al 2010 , 2007 , 2005 vs. non-canonical forms such as heterotypic tetramers (Furuyama et al 2009 , Dalal et al. 2007a /2007b ) and hexamers (Mizuguchi et al. 2007) . In contrast, the function of canonical histones in centromeres has not been fully explored.
In this study, Kawashima et al. investigate the function of canonical histones H2A, H2B, H3 and H4 in kinetochore structure and chromosome segregation by the screening of histone mutant library to microtubules-destabilizing drugs. More specifically, they characterize the function of I112-H2A in polar attachment. Their results show the importance of this residue for the binding of Sgo1 and CPC proteins (two modulators of microtubule-centromere attachment mechanism) for correct chromosome bi-orientation. Authors highlight a novel function of canonical histone in chromosome segregation, suggesting that these proteins rely on the H2A surface of the H3 nucleosome for correct orientation. This is an exciting finding, however some issues must be addressed to strengthen this interpretation over alternatives.
Major points 1) One obvious concern is that authors examined only one facet of cell biology (chromosome orientation)-but this is a core histone mutation-and the authors failed to show that other facets remain unmodified in this H2A mutant. To rule out pleiotropic effects, it must be demonstrated that this H2A mutant only affects bi orientation, and not for example, bulk chromatin structure, gene expression, recombination, or anything other facet that could serve as functional control. This kind of experiment must be included to show the specificity of the phenotype they observe.
2) In Saccharomyces cerevisiae, the centromere is characterized by a unique CenH3-nucleosome, whose exact structure remains elusive. Authors should address this specific organization in their text and clearly notify that chromosome mis-segregation could result from a difference in nucleosomal composition of pericentric heterochromatin.
The model of right-handed manner wrapping suggested by Furuyama et al. (2009) and by the tetramer studies of Dalal et al (2007 Dalal et al ( , 2008 , and those of Mizuguchi et al (2007) opens up new possibilities of interactions and post-translational modification of histones. Indeed, the exposed face of histones to DNA and chromatin binding proteins is expected to be vastly different from that predicted by the Black et al (2005, 2010) model. This point should be discussed to highlight the potential function of H2AI112 residue, which only makes contacts with H3' residues from opposite half in an octameric nucleosome. (Contrary to the classification used by the authors to put this residue as an entry/exit residue-it does not bind DNA).
The fact that Cse4 position is unchanged in H2A I112 mutants strongly challenges the notion that Cse4 makes canonical octameric contacts with H2A as proposed by Camahort and Gerton (2009) . The novelty and interest in this paper will improve significantly if these exciting in vivo observations are discussed in greater detail to address a controversy in the centromere structure field.
Minor clarifications 1) In figure 3 , standard deviation values are missing in all graphs. These data are essential to determine the statistical significance.In figure 3C , a representative image of chromosome missegregation would be appreciated to help illuminate the graph. In figure 3E , the scale bar is missing. In addition, only the H2A-WT picture has boundaries of cells drawn-this should be shown for H2A mutants. It seems surpising that microtubules bind both centromeres efficiently even though there is a defect in orientation. Could the authors expand on how they envision the defect to occur-for example, if chromatin structure is completely defective, one would expect binding to be weak. Therefore, see pt 3.
(2) In figure 4D , quantification, by ImageJ for example, could help authors buttress their conclusion about the weak decrease of H2A immuno-precipitation by Sgo1 after treatment with galactose.
(3) Figure 6A shows a difference in the profile of MNase digestion of H2A-wild type and H2A-I112A cells. However, this analysis is performed with complete genome. Considering the defect is in chromosome segregation, it's important to analysis the MNase profile of centromeric and pericentric heterochromatins in order to know-or show-if the H2A-I112 mutation affects only centromeric chromatin. Pinto et al. (2000) performed a similar experiment using a probe that allows detection of CEN3 regions. This should be done.
(4) Figure 6B showed the partial rescue of benomyl-sensitivity in rpd3 mutants (HDAC protein) . This observation suggests that post-translation modifications pattern of histones may be altered in these different mutants, particularly acetylation. By ChIP, the acetylation level of H3 and H4 at pericentric heterochromatin can be study to complete the drug sensitivity assays. In addition, the rescue could be confirmed with the MNase pattern after RPD3 deletion. Figure 6E : Htz1 is a variant histone that localized preferentially onto gene promoters and pericentric heterochromatin. It's important to verify that the Htz1 accumulation observed around CEN3 is specific by the analysis of the histone variant location onto expressed gene using a similar experiment of ChIP (as in major pt 3 above).
In the text, the conclusion of the increase of Htz1 occupancy in H2A-I112A mutant in comparison of wild type is incorrect. Authors conclude: "H2A-I112A cells substitute Htz1-containing nucleosomes for canonical nucleosomes substitution in pericentric heterochromatin".
(5) Previously Sato et al. 2010 showed that the mutation of I112 residue increased the sensitivity of yeast to HDAC class III inhibitors (using NAM) and DNA damage (using MMS agent which causes double-stranded DNA breaks) suggesting a potential relationship between post-translation modifications of histones and the system of DNA repair. Recently, Guerrero et al. 2009 also proposed a model for DSB formation in which spindle defect lead to centromere cuts. Authors may wish to discuss these points. In addition, it could be interesting to verify if, after microtubuledepolymerizing drug treatment, if the level of DNA damages is increased in I112A mutant, using gH2AX as marker of DSBs.
(6) S121 of H2A is phosphorylated by the protein kinase Bub1. Kawashima et al (2010) showed that this modification is required for the recruitment of Shugoshin in Schizosaccharomyces pombe and the pathway is conserved in Saccharomyces cerevisiae. In regard of the proximity of both residues (on TBZ/BENI domain), the defect of Sgo-1 recruitment in I112 mutants may result from a defect in S121 phosphorylation. The modification of this residue could be verified to make a more compelling story. Unfortunately, a phospho-specific antibody against S. pombe phosphorylated H2A-S121, which was generated by Dr. Watanabe's laboratory, did not recognize that protein as it exists in S. cerevisiae. Instead, we performed ChIP analysis of Bub1 in H2A-I112A mutant cells. Although the result showed a slight reduction of Bub1 in H2A-I112A cells, Bub1 seems to interact with histone H2A-I112A mutated chromatin. We presented this result (new Figure 4D ) and discussed possible relationships between histone H2A-I112, Sgo1, and Bub1 in the "Discussion" (page 19, lines 9-14).
Page 10, line "Flow cytometry (FACS analysis) revealed that histone H2AC-terminal point mutants exhibited chromosome instability...". FACS is not the best assay to measure chromosome instability, as the FACS profile is affected also by cell shape and not just DNA content.
Furthermore, only H2A-L117A shows a mad2-like FACS profile. The least the authors should do is change "revealed" to "suggested".
We re-examined the FACS profile of H2A-L117A as well as H2A-I112A at 25°C, because another referee recommended that we execute the FACS experiment at 25°C rather than at 37°C. As shown in the representative newly obtained FACS profile of Figure 2E , H2A-L117A as well as H2A-I112A cells did not show a mad2-like phenotype. The difference between the present and original FACS profile on H2A-L117A cells seems to be caused by the change in experimental conditions. Since all experiments in the revised manuscript except Figures 4G-K were performed at 25°C, we would like to replace the original figure (37°C) with the new one (25°C).
Furthermore, we replaced the word "revealed" with "suggested" as the referee recommended (page9, line 8). We evaluated the amount of Pds1 in both the H2A-I112A and -L117A mutant cells after release from the arrest by a-factor in the presence of nocodazole. These histone point mutant cells behave like wild-type cells but not like mad2 mutant cells, suggesting that the function of the spindle checkpoint is intact in both H2A-I112A and H2A-L117A mutant cells. We presented these data (see new Figure 2F -H) in the revised manuscript and appropriately rewrote the corresponding parts of the original manuscript (page 9, lines 13-20). Thank you very much for your suggestions. Especially, your speculation expressed in the bold and underlined characters in the above comment seemed to be the case, as follows. During the course of re-examination of the IP analyses, we observed that endogenous Sgo1 is destabilized in histone H2A-E57A, I112A, and H4-L97A mutant cells but not in wild-type cells (new Figures 4F, 6E ). Since the total amount of Sgo1 is reduced in H2A-I112A mutant cells (new Figure 4F ), the original IP experiment (original Figure 4D ) does not need to be presented in the revised manuscript as indicated by the referee. Thus, we deleted the original IP data. Instead, a new Western blot of endogenous Sgo1 in histone point mutant cells is presented as new Figures 4F and 6E. According to these changes, we rewrote the corresponding parts of the "Results" (page 12, lines 6-9) and "Discussion" (page 20, lines 6-14).
5. In Fig. 6E Upon HTZ1 deletion, H2A-I112A mutant cells showed cell lethality rather than suppression of its TBZ/benomyl sensitivity. Since synthetic lethality of htz1-histone H2A-I112A double mutant cells will be one of the future subjects to be analyzed, we did not mention this observation in the revised manuscript to avoid complications. We have deemphasized the corresponding sentences as the referee suggested (page 11, line 20 ~ page 12, line 1).
Minor points
7. The manuscript needs some slight grammatical changes. In particular, "the" should precede "chromosomal passenger complex" and "CPC"
We replaced "CPC" with "the CPC" in the revised manuscript (page 4, line 22; page 5, lines 3, 5, 12; page 11, lines 16-18; page 12, lines 1-5; page 13, line 6; page 18, line 10; page 19, lines 1, 4; page 20, lines 1, 5).
8. Abstract: It should be stated that S. cerevisiae is used in this study.
The word "S. cerevisiae" was inserted in the Abstract (page 2, line 5). (Sekulic et al., Nature, 2010) .
We described the contents of Sekulic paper in the Introduction (page 3, line 23).
Introduction: p4, paragraph beginning with "Sister chromatids...": replace "cell division" with "anaphase"
We replaced the corresponding word as the referee suggested (page 4, line 15).
11. Introduction: p5, paragraph starting with "Sister chromatids...", second last sentence: "reported" is repeated twice.
The corresponding sentence was deleted due to re-writing of the "Introduction".
12.
Results: p9, "The evolutionarily conserved histone H2A C-termnal residues (H2A-.....and -S121) were subjected to further analysis. The fact that they identified S121A mutant as a benomyl or TBZ sensitive mutant is consistent with the recent result that Bub1-dependent phosphorylation at S121 is important for Sgo1 recruitment. This point should be stated clearly.
We cited the previous papers and stated their brief contents in the Results (page 8, line 19 ~ page 9, line 5). Furthermore, we added ChIP analysis of Bub1 at the centromere in the revised manuscript as described in the response to the comment 1.
Results: p10, heading "Histone H2A...". Remove "function"
We deleted the word "function" (page 10, the heading).
14. Discussion: Any histone mutant may affect gene expression. The authors therefore need to discuss that they cannot exclude the possibility that transcriptional effects are responsible for the phenotypes they observed. They should discuss the arguments for and against this possibility.
Since the amount of mRNA derived from four different genes encoding Ipl1, Sli1, Bir1, and Sgo1 in H2A-I112A mutant cells is comparable with that from wild-type cells (see new Figure 4E ), we at least excluded the possibility that phenotypes of H2A-I112A mutant cells are caused by impaired transcription of the CPC and Sgo1. Furthermore, we discussed this point in the second paragraph of the Discussion (page 17, line 16 ~ page 18, line 8) in the revised manuscript. We presented the phenotypic residues on a white surface as well as on a cartoon model as upper and lower panels, respectively, in the new Figures 2B and C.
Methods: The authors should indicate the strain background they used.
The strain backgrounds are given in the Table II .
Response to the comments from Referee 2
This referee mentioned all of our histone-GLibrary studies (Matsubara et al. (Science, Jan 2010) ." The referee is positive about publication, as long as some major and minor concerns are addressed in the revised manuscript. We have addressed all these comments in the revised manuscript. Please see the details below. 
Major points

Do mutations in region II and III also impair Sgo1 and/or CPC binding, or is this specific for mutations in region I?
As described in the response to comment 2, Sgo1 binding in H2A-E57A (TBS-II region) and H4-L97A (TBS-III region) cells were examined and presented in a new Figure 6 . The Abstract, Results and Discussion were rewritten to reflect this as the response to comment 2.
As far as I know, reduced Ipl1 binding in the absence of shugoshin has never been demonstrated for budding yeast mitosis (although there is data for meiosis). It would be helpful if the authors used their ChIP assay (Figure 4) to show whether this is the case.
Ipl1 binding to centromere in sgo1 deletion mutant cells was reduced to nearly half the level of that in wild-type cells. The data was shown in Figure 4L . The Results (page 12, line 20 ~ page 13, line 1) and Discussion (page 18, line 23 ~ page 19, line 3) were rewritten to reflect this.
It would also be informative to see how the different mutations (region I -III) affect H2A-S121
phosphorylation. This is admittedly difficult, but the authors could try whether the published antibody directed against S. pombe H2A-phS121 also recognizes S. cerevisiae H2A.
Since antibody directed against S. pombe H2A-S121ph created by Dr. Watanabe's group unfortunately does not recognize the corresponding S. cerevisiae H2A, we cannot present data on phosphorylation at the H2A-S121 residue. Since this phosphorylation is reported to be catalyzed by Bub1 kinase, we analyzed the amount of chromatin-bounded Bub1 in H2A-I112A mutant cells by ChIP. We presented this result (new Figure 4D ) and discussed possible relationships between histone H2A-I112, Sgo1, and Bub1 in the "Discussion" (page 18, line 19 ~ page 19, line 14). Figure 6 are not well connected to the rest of the manuscript.
The experiments shown in
Since new information about TBS-II and -III regions was obtained as described in the response to comment 2, we presented these results as a new Figure 6 and simultaneously deleted most of the earlier experiments presented in the original Figure 6 that were not well connected to the rest of the manuscript. We added an immunoblot of Pds1 in H2A-I112A ( Figure 2H ). Furthermore, analysis of the amount of Pds1 in newly analyzed H2A-E57A ( Figure 6C , left panel), -L117A ( Figure 2H ), and H4-L97A ( Figure 6C , right panel) cells is presented. This is now described in the corresponding parts of the Results (page 9, lines 15-20; page 15, lines 7-10).
Minor points
8. Figure 2D We deleted the data of the mad2 mutant cells. Since the H2A-I112A mutant confers temperaturesensitivity (new Supplementary Figure 5) , we previously performed the experiments (original Figure 2D and Supplementary Figure 3A) at 37°C. We re-examined the same experiments at 25°C and present the new results as a new Figure 2E and a new Supplementary Figure 3A . The corresponding parts of the Results (page 9, lines 8-12) have been rewritten.
9. Figure 3D We showed the mRNA and immunoblot levels of Sgo1 and the CPC subunits as Figures 4 E and F, respectively. Unexpectedly, the amount of protein but not mRNA of Sgo1 was specifically reduced in H2A-I112A mutant cells. Note that the same phenomena were observed in H2A-E57A and H4-L97A mutant cells in the new Figure 6E . The appropriate sections of the Results (page 12, lines 5-9; page 15, lines 15-19) and Discussion (page 18, lines 9-11; page 20, lines 6-14) were rewritten.
11. Figure 4D As described in the response to comment 10, endogenously expressed Sgo1 proteins in whole cell extracts were reduced in H2A-E57A, -I112A, and H4-L97A cells compared to that of wildtype cells (new Figures 4F and 6E ). Since the amount of the exogenously expressed Sgo1 proteins in whole cell extracts was also reduced in H2A-I112A cells (original Figure 4D) , we concluded that immunoprecipitation of Sgo1 does not quantitatively represent the interaction between Sgo1 and histones. Thus, we deleted the original Figure 4D containing According to comment 8, we deleted the FACS profile of the mad2 cells and re-examined FACS profile of H2A-L117A cells as well as H2A-I112A cells at 25°C rather than 37°C. Although the original Figure 2D showed that the FACS profile of H2A-L117A but not H2A-I112A cells at 37°C seems very similar to that of the mad2 deletion mutant, H2A-L117A showed a profile similar to that of H2A-I112A cells at 25°C (see new FACS profile of Figure 2E We appropriately replaced the corresponding word (page 11, line 14).
Text, page 13, first sentence: '... was concluded to induce mono-polar attachment by mislocalization of CPC and Sgo1.' This statement is too strong. The results suggest this, but do not show it. A strong statement could only be made if the authors showed, for example, that the segregation defect in H2A-I112A mutants can be rescued by artificially recruiting Sgo1 to centromeres.
We weakened the corresponding expression (page 11, line 20 ~ page 12, line 1).
Text, page 18, '..., suggesting that budding yeast mitotic chromosomes may have an intrinsic geometric bias to biorient on the spindle'. This is an almost direct quote from the abstract of the cited paper (Indjeian et al.,Curr Biol 2007), but in the context here, this does not fit. Indjeian et al. make this conclusion on 'intrinsic geometric bias' after many, quite complicated experiments in their paper, and this cannot be concluded merely from showing that nocodazole increases the missegregation rate, as is implied here. This conclusion is also not relevant at all for the context of this study here. This sentence therefore needs to be re-formulated.
We deleted the sentences that this referee pointed out.
Text, page 19 'shugoshin... is required for CPC loading'. This has also been demonstrated for budding yeast meiosis (Yu/Koshland, JCB 2007), which is relevant here and should be mentioned.
We cited the indicated paper and properly mentioned it in the Discussion (page 18, line 22).
Response to the comments from Referee 3
This referee stated "Authors highlight a novel function of canonical histone in chromosome segregation, suggesting that these proteins rely on the H2A surface of the H3 nucleosome for correct orientation. This is an exciting finding, however some issues must be addressed to strengthen this interpretation over alternatives." The referee is positive about publication, as long as some major and minor concerns are addressed in the revised manuscript. We have addressed all these comments in the revised manuscript. Please see the details below. We agree with your comments. To address these points, we presented the evidence that as far as we know gene expression is not affected in H2A-I112A cells. We showed no reduction of the mRNA levels of Sgo1 and the CPC subunits in new Figure 4E . Based on these results, we excluded the possibility that impaired bi-orientation in H2A-I112A is due to indirect effects of impaired gene expression of these genes. This point is discussed in the revised manuscript (page 17, line 16 ~ page 18, line 13).
Major points
One obvious concern is that authors examined only one facet of cell biology (chromosome orientation)-but this is a core histone mutation-and the authors failed to show that other facets
In Saccharomyces cerevisiae, the centromere is characterized by a unique CenH3-nucleosome, whose exact structure remains elusive. Authors should address this specific organization in their text and clearly notify that chromosome mis-segregation could result from a difference in nucleosomal composition of pericentric heterochromatin.
The model of right-handed manner wrapping suggested by Furuyama et al (2009) and by the tetramer studies of Dalal et al (2007, 2008), and those of Mizuguchi et al (2007) opens up new possibilities of interactions and post-translational modification of histones. Indeed, the exposed face of histones to DNA and chromatin binding proteins is expected to be vastly different from that predicted by the Black et al (2005, 2010) model. This point should be discussed to highlight the potential function of H2A I112 residue, which only makes contacts with H3' residues from opposite half in an octameric nucleosome. (Contrary to the classification used by the authors to put this residue as an entry/exit residue-it does not bind DNA).
The fact that Cse4 position is unchanged in H2A I112 mutants strongly challenges the notion that Cse4 makes canonical octameric contacts with H2A as proposed by Camahort and Gerton (2009). The novelty and interest in this paper will improve significantly if these exciting in vivo observations are discussed in greater detail to address a controversy in the centromere structure field.
We cited several reports and rewrote the corresponding parts in the Introduction (page 3, line 11 ~ page 4, line 1). Furthermore, we described the function of the H2A-I112 residue relevant to Cse4-nucleosome structure in the Discussion (page 21, lines 5-22) as suggested by the referee.
Minor points
3. In figure 3 , standard deviation values are missing in all graphs. These data are essential to determine the statistical significance. In figure 3C , a representative image of chromosome missegregation would be appreciated to help illuminate the graph. In figure 3E , the scale bar is missing. In addition, only the H2A-WT picture has boundaries of cells drawn-this should be shown for H2A mutants.
We presented all graphs with standard deviation values in Figure 3 and the new Figure 6 . To allow the reader to easily visualize mis-segregation, we present a typical photo in the new Figure  3C . We added the scale bar and cell boundary in the corresponding figures.
In figure 3, it seems surprising that microtubules bind both centromeres efficiently even though there is a defect in orientation. Could the authors expand on how they envision the defect to occur for example, if chromatin structure is completely defective, one would expect binding to be weak. Therefore, see pt 3.
One-dot in the image of the new Figure 3F (original Figure 3E ) may be judged as fused two centromeres by this referee. Although we have surveyed many other images to determine whether another dot is out of focus or fused, we only found one dot in all images examined, which demonstrates mono-polar attachment. Thus, we agree with this referee's conclusion that both centromeres in the new Figure 3F (original Figure 3E ) efficiently bind microtubules even though there is a defect in orientation.
The reason why this phenotype is observed in H2A-I112A cells is unknown. However, it is unlikely that chromatin structure is completely defective and microtubule binding to centromeres is weak in H2A-I112A cells, because they are viable, although they grow slower than wild-type cells. Rather, microtubule binding to mono-oriented centromeres is perhaps more stabilized in H2A-I112A cells, because Sgo1 and the CPC are known to destabilize microtubule binding to mono-oriented centromeres to facilitate bi-orientation (Tanaka et al, 2002) . We described this point in the Results (page 13, lines 6-9).
5. In figure 4D , quantification, by ImageJ for example, could help authors buttress their conclusion about the weak decrease of H2A immuno-precipitation by Sgo1 after treatment with galactose.
According to the comment of the first referee, we performed immunoblot experiments to quantify the amount of endogenous Sgo1 in whole cell extracts of histone point mutant cells. Unexpectedly, we found that endogenous Sgo1 seems to specifically be degraded in histone point mutant cells. Since total Sgo1 was reduced in histone point mutant cells, it was impossible to quantify the interaction between Sgo1 and histones by immuno-precipitation experiments. Thus, we deleted the original IP results in original Figure 4D . Instead, we added a new Figure 4F presenting endogenous Sgo1 amounts in H2A-I112A and wild-type cells. We rewrote the corresponding parts of the Results (page 12, lines 6-9) and Discussion (page 20, lines 6-14).
6. Figure 6A 
shows a difference in the profile of MNase digestion of H2A-wild type and H2A-I112A cells. However, this analysis is performed with complete genome. Considering the defect is in chromosome segregation, it's important to analysis the MNase profile of centromeric and pericentric heterochromatins in order to know-or show-if the H2A-I112 mutation affects only centromeric chromatin. Pinto et al. (2000) performed a similar experiment using a probe that allows detection of CEN3 regions. This should be done.
According to the comment of the second referee, to increase the novel aspect of our manuscript, we analyzed TBS-II and -III regions, in addition to the analysis of H2A-I112A (TBS-I mutant) cells described in original manuscript. H2A-E57A and H4-L97A, which are representative histone point mutant cells for TBS-II and -III regions, respectively, were analyzed anew. We replaced the original Figure 6 with a new Figure 6 presenting the new results on TBS-II and -III regions, because referee 2 felt that the original Figure 6 was not well connected with the other figures. Although examination of altered chromatin structure around the centromere in H2A-I112A cells is an important issue, data obtained by MNase assay in the original manuscript were not well connected with the rest of Figures as referee 2 pointed out. Thus, we deleted the MNase results.
However, we will further analyze chromatin structure of histone point mutant cells and prepare other reports in future, as suggested by the referee.
7. Figure 6B showed the partial rescue of benomyl-sensitivity in rpd3 mutants (HDAC protein The original Figure 6 was replaced by new Figure 6 in the revised manuscript as described above. We found that the amount of Htz1 in the pericentric region is severely reduced in H4-L97A cells (TBS-III region). This result was included in a new Figure 6 and we appropriately discussed this point in the Results (page 16, line 1-16) and Discussion (page 20, line 19 ~ page 21, line 4). Results in the original Figure 6 for RPD deletion in histone point mutant cells were not well connected with the rest of original manuscript as referee 2 pointed out, and a new Figure  6 replaces the original. However, we will perform the analyses of these histone point mutant cells suggested by the referee in the future. We cited the report by Guerrero and discussed this point in the Discussion (page 18, lines 1-8).
9. S121 of H2A is phosphorylated by the protein kinase Bub1. Kawashima et al (2010) Unfortunately, a phospho-specific antibody generated by Dr. Watanabe's laboratory directed against S. pombe phosphorylated H2A-S121 did not recognize the S. cerevisiae version of the protein. Thus, we cannot present data on phosphorylation at the H2A-S121 residue. Since this phosphorylation is reported to be catalyzed by Bub1 kinase, we performed ChIP analysis of Bub1 in H2A-I112A mutant cells. Although the result showed a slight reduction of Bub1 in H2A-I112A cells, Bub1 seems to interact with histone H2A-I112A mutated chromatin. We presented this result (new Figure 4D ) and discussed possible relationships between histone H2A-I112, Sgo1, and Bub1 in the Discussion (page 18, line 19 ~ page 19, line 14).
2nd Editorial Decision 23 May 2011
Thank you for submitting your revised manuscript to the EMBO Journal. I asked the original three referees to review the paper and their reports are provided below.
As you can see the referees appreciate the introduced changes. However the referees also indicate that a significant re-writing and editing of the manuscript is needed to improve the clarity of the paper. Referees #2 raise number of good points, but after further discussions with the other referees, I have come to the conclusions that these issues can be addressed with appropriate text changes in the point-by-point response or in the article file. There is one more experiment that would be nice to add and that is the major point#1-referee #1 namely to test for H2A tail phosphorylation by Bub1 in vitro. This experiment should be fairly straightforward to carry out and would help the manuscript.
If there are problems with this experiment let me know. So when you submitting the revised version please make sure that you re-write the manuscript along the lines as suggested by the referees and if possible carry out one more experiment as suggested by referee #1. If you have any further questions do not hesitate to contact me.
I look forward to seeing the final version! Yours sincerely,
Editor
The EMBO Journal indirect.
7. Yu et al (2011) MCB, 31, 2011, recently reported chromosome instability in H4 mutants identical to those reported in this paper. This fact should be mentioned.
8. The manuscript needs a fair amount of grammatical and stylistic editing. There are also quite a few needless words and sentences that ought to be cut.
9. Still, the yeast strain background is not indicated. Is it w303? S288c? Or another?
Kawashima and colleagues have made a considerable effort to improve their manuscript. The presentation of the data (Fig. 3) as well as the technical execution of some experiments got better, and controls have been added (Fig. 2, 4 , and 6). Unfortunately, however, the new experiments provided do not result in additional insight, and the manuscript is poorly written and got more confusing after the authors tried to put in every statement that one of the reviewers suggested. I therefore advise against publishing the manuscript in EMBO Journal.
In my opinion, the data in the manuscript could be presented in a much more convincing way with a few additional experiments and with considerable re-writing of the text. Currently, the text contains inaccuracies when describing the previous literature, inaccuracies and overstatements when describing the own results, missing citations, faulty logic, and grammatical errors.
One major problem that arose in the new version of the manuscript is the finding that the abundance of Sgo1 is reduced in all the histone point mutants that the authors tested (located in the regions designated by the authors as I, II, or III) (see Fig. 4F, 6E ). This makes it difficult to assess whether Sgo1 binding to chromatin is affected in the diverse histone mutants (at least with the experiments that the authors present). Surprisingly, only histone mutants in region I and II were rescued by SGO1 overexpression. Thus, there seems to be a difference between mutants in region I and II and mutants in region III. Nevertheless, Sgo1 abundance was reduced in mutations in all three regions. The authors suggest that Sgo1 may have become destabilized due to its failure to bind to nucleosomes (which, however, would then mean that binding is impaired by region III mutants as well). They could have assessed binding to H2A more rigorously, for example by normalizing the immunoprecipitation experiment that they had done previously for the amount of Sgo1 in the immunoprecipitate, or by performing GST-pull down assays with Sgo1 added to extracts (see Kawashima, Watanabe, Science 2010) . In addition, they should have explored whether other reasons could account for the reduced Sgo1 abundance. For example: Since the immunoblot is performed from an asynchronous culture, could the reduction in Sgo1 reflect a change in the cell cycle profile (Sgo1 abundance is cell cycle regulated (Indjeian et al. 2005) )?
In addition, given the previous data on H2A-S121 phosphorylation-dependent interaction of Sgo proteins with nucleosomes, I would have expected the authors to shed more light on the link between S121 phosphorylation and their newly identified mutations that affect chromosome segregation. The authors have tried the H2A-S121ph antibody generated for fission yeast, which unfortunately did not seem to work in budding yeast. However, the authors could easily have tried other experiments, e.g. analysis of H2A mutant phosphorylation by Bub1 in vitro (as suggested by reviewer #1).
Other points:
-The authors claim that "cell cycle progression of H2A-I112A (TBS-I) and -E57A (TBS-II) cells was only perturbed by prior nocodazole treatment". This statement is in my opinion incorrect, since the FACS profile from an asynchronous culture of these mutants shows that the distribution of cell cycle stages is different from wild type cells ( Figure 2E and 6A). H2A-L117A cells also seem to accumulate Pds1 much later after release from alpha-factor than wild type or H2A-I112A cells, again indicating a cell cycle defect. This potential cell cycle perturbation may be the cause for the reduced Sgo1 abundance in an asynchronous culture, which would need to be examined.
-In the previous version of the manuscript, the authors had shown that Htz1-localization to pericentromeric regions was increased in the H2A-I112A mutant when analyzed relative to the abundance at subtelomeres. In the new version of the manuscript, the authors show that Htz1-localization at the pericentromeric region is not strongly affected in the H2A-I112A mutant. Hence, I would conclude that localization of Htz1 to the subtelomeric regions is in fact decreased in the H2A-I112A mutant. Therefore, at least this mutation in region I does seem to have an influence on Htz1. I think it would be fair to mention this.
-The ChIP experiments in Figure 4 for H2A-WT versus H2A-I112A strains should be comparable among each other. Unfortunately, the cells for the experiments shown in Figure 4G -K were grown at 37 o C, whereas cells for the other ChIP experiments in this figure were grown at 25 o C. This is clearly stated by the authors, but nevertheless makes it difficult to compare the results.
-In Figure 4E , the authors want to show that mRNA abundance of several genes relevant for this study is unaffected. Firstly, the authors conclude that levels "were not different" (page 12); however, it seems to me that mRNA levels were actually higher. It would therefore be better to conclude that they are "not reduced". Secondly, the mRNA abundance of the genes shown was normalized to that of the housekeeping gene TDH1. If expression of many genes is affected (because of the mutations in core histones), then TDH1 expression may be affected as well, and such normalization would hide any potential effects.
Kawashima et al. investigated histone core residues involved in chromosome segregation in response to microtubules-destabilizing. Their results showed the existence of three major clusters (TBS-I, -II, -III) on histone H2A. Their investigations highlight the importance of TBS-I and TBS-II in Sgo1 mediated chromosome bi-orientation and TBS-III in Htz1 recruitment and function. These results are both important and timely in the chromosome biology field as they shed light on the role played by canonical histones in segregation.
The scale of the work undertaken in this revision is impressive and the resultant revision very convincing. I was especially struck by the fact that each referee highlighted different aspects of the initial manuscript, and the authors have gone to commendable lengths to address all concerns.
A compelling feature of the revision is the use of different approaches to address my concerns, as briefly noted below: -the authors used biochemical, microscopic and the validation by statistical study when it's possible (in response to major point 1, minor point 3). -The authors tried also to figure out the biological mechanism involved in the correct chromosome segregation (minor points 4/9). H2A-I112 function in the stabilization of microtubule binding through the recruitment of Sgo1 and CPC is interesting, and has opened a new avenue for future research (minor point 4 of comments).
Overall, this is much strengthened manuscript. I have only 2 minor suggestions that I feel should be addressed. 1) Major point 1 rebuttal is not well thought out. The description of the different types of centromeric CSE4 nucleosomes is well described in the introduction, making this a timely study asking if H2A is important in centromere function. However, in the discussion (page 21), while authors state their results exclude canonical octameric CSE4 particles (a point surely exciting to the centromere field), the authors cannot exclude the possibility of a positive DNA wrapping driven by tetramers containing H2A. This tetramer is expected to have different interactions between histone H2A and CenH3 (Furuyama et al. 2009; Dimitraidis et al 2010 , Dalal et al 2007 , Dechassa et al 2009 , and can just as well account for why Cse4 is detected in H2A-I112 cells as CSE4/H4 tetramers ( Figure 4G ). Furthermore, others have suggested Cse4/H4 could be a dimer (Williams et al 2009) , or a hexamer with one copy of H2A/H2B (Mizuguchi et al 2007) .
I suggest that rather than get bogged down in this discussion, the authors could be cautious and rephrase their comments to suggest their results clearly exclude canonical interactions between H2A and CSE4, and consequently disfavor the possibility of canonical CSE4 octameric nucleosomes, while generally pointing to an alternative or remodeled nucleosomal structure.
2) Due to the extensive nature of the revision, the article has significantly increased in length, which affects the fluidity of the reading. For good reasons, authors decided to suppress initial data (original figure 6) to focus on the expended characterization of H2A mutation. I suggest that they similarly take an editorial pen to the current revision and shorten sections where possible to be more concise for the reader. Kawashima et al (2010) and Luo et al (2010) , I feel that the manuscript should be extensively edited and simplified."
The referee has a positive opinion, as long as some major and minor concerns are addressed in the revised manuscript. We have addressed each of these comments in the re-revised manuscript with the exception of one experiment that this referee recommended. Please see the details below. We have discussed how the manner in which the H2A-I112A mutation could affect the phosphorylation status of H2A-S121 in the manuscript, as this referee suggested (page 18, line 20 ~ page 19, line 7). However, we did not perform the experiment that this referee recommended to us, for the following reason.
Major points
As mentioned in my previous review, it is highly likely that the phenotypes caused by the reported mutations at the C-terminal tail region of
We agree that it is important to determine whether the H2A-I112A mutation affects H2A-S121 phosphorylation by Bubl kinase in vitro, as this referee suggested. Two possible outcomes can be predicted from the experiment in vitro: i) the phosphorylation of H2A-S121 would be reduced in recombinant histone H2A-I112A protein compared to cells with wild-type histone H2A, or ii) phosphorylation of H2A-S121 would not be affected.
In the case of i), we would speculate that Bubl kinase is recruited onto CEN3 even in H2A-I112A mutant cells ( Figure 4D ) but that it fails to phosphorylate H2A-S121. This would support the previous finding that Sgol is recruited via phosphorylated H2A-S121 (Kawashima et al, 2010) . In the case of ii), we would speculate that Bubl kinase is recruited to the CEN3 region and phosphorylates H2A-S121 in H2A-I112A mutant cells. In this case, Sgol recruitment onto centromeres would seem to depend on not only H2A-S121 phosphorylation (Kawashima et al, 2010) but also on additional, unknown actions of H2A-I112 (as the present study suggests). This speculation could change the previously proposed framework that H2A-S121 phosphorylation is a sufficient determinant for Sgol recruitment to the centromere (Kawashima et al, 2010) .
Thus, the possible results of the in vitro experiment could lead to misinterpretation or multiple interpretations without knowledge of the in vivo phosphorylation status of H2A-S121 in H2A-I112A mutant cells. It is possible that Bubl kinase, along with unknown factor(s), could phosphorylate H2A-S121 in H2A-I112A mutant cells even if Bubl kinase itself fails to phosphorylate recombinant histone H2A-I112A protein in vitro. Even if Bubl kinase phosphorylates H2A-S121 on recombinant histone H2A-I112A protein, it would be still uncertain whether Bubl phosphorylates H2A-S121 in H2A-I112A mutant cells in the presence of unknown inhibitory factor(s) for Bubl. Therefore, we will be unable to reach any clear conclusions without supportive evidence detecting H2A-S121 phosphorylation in vivo. The in vivo analysis utilizing the antibodies specific to phosphorylated H2A-S121 in budding yeast will be conducted in future studies to illustrate the mechanism underlying the regulation of H2A-S121 phosphorylation. However, we do not feel that this analysis is required for our present study.
Furthermore, experiments using recombinant histone H2A protein expressed in E. coli or peptide containing the H2A C-terminal region would simply not reflect the nucleosome context in vivo. Moreover, even if the reconstituted histone octamer containing H2-I112A is used as a substrate for Bubl kinase, it would still be difficult to reach a clear conclusion without detecting the phosphorylation status of H2A-S121 in vivo. Therefore, although the in vitro experiment recommended by this referee appears straightforward, its implementation is not as simple as it initially seems.
The objective of this manuscript was to present a useful global analysis of chromosomal segregation using the histone-GLibrary and to identify nucleosome surfaces that are vital for chromosomal segregation. From this point of view, further analyses of the influence of a particular mutation on the phosphorylation status of a separate residue would be best addressed in future studies. We have edited this paragraph and dampened the language to better reflect our findings (page 21, line 9 ~ page 22, line 5). Although the referee softly suggested deleting the sentence referring to the nucleosome as "a shugoshin of shugoshin", we have chosen to retain this phrase as "a shugoshin of shugoshin (shugomaster)" in the re-revised manuscript (page 22, lines 3-5). We use this phrase so that readers will understand our point that the nucleosome might serve as a general guardian of chromatin-acting factors including Sgo1, rather than as a guardian only for cohesin. Thus, the corresponding phrase conjures the original meaning of "shugoshin" and puts it into a scientific context, with respect to the protection of a particular molecule (in this case, cohesion). We have rewritten the corresponding sentence and cited the appropriate figure (page 9, lines 18-20).
6. Page 12, line 6 from bottom. Remove "inexplicably".
The word "inexplicably" was deleted from the manuscript (page 12, line 4). The partial rescue of TBZ/benomyl sensitivity by CPC overexpression is mentioned in both the Results and Discussion sections of the re-revised manuscript (page 13, lines 7-9; page 20, lines 1-3).
Figure 7. Blue lines pointing toward Sgo1 should be dotted line, as the interaction may be indirect.
This change has been made in Figure 7 . Yu et al (2011 ) MCB, 31, 2011 , recently reported chromosome instability in H4 mutants identical to those reported in this paper. This fact should be mentioned.
10.
The chromosomal instability of the H4 mutants, as described in the above report, is mentioned in the Discussion section of the re-revised manuscript (page 17, lines 6-10; page 21, lines 16-19).
11. The manuscript needs a fair amount of grammatical and stylistic editing. There are also quite a few needless words and sentences that ought to be cut.
The re-revised manuscript has been carefully revised and edited by a native English speaker.
Still, the yeast strain background is not indicated. Is it w303? S288c? Or another?
We have indicated the yeast strain backgrounds in the Materials and Methods section of the rerevised manuscript (page 23, lines 2, 5, 8, 12).
Response to the comments from Referee 2
This referee stated, "Kawashima and colleagues have made a considerable effort to improve their manuscript. The presentation of the data (Fig. 3) as well as the technical execution of some experiments got better, and controls have been added (Fig. 2, 4 We have addressed this issue in our response to referee 1 (Major point 1). We have rewritten the corresponding sentences according to the referee's suggestions (page 8, lines 9-11). The referee suspected that the cell cycle perturbation in histone point mutants may be the cause of the reduced amounts of Sgo1 protein detected in asynchronous cultures. However, the amount of Sgo1 would be expected to increase rather than decrease in cells arrested at G2/M in asynchronous cultures ( Figure 2E ) because Sgo1 is reported to increase as cycling cells progress toward the G2/M phase (Indjeian et al, 2005 As the referee pointed out, in the revised manuscript, the amount of Htz1 at the pericentromeres in the histone point mutations was not expressed relative to the amount of Htz1 at the subtelomeric regions ( Figure 6H ). As the referee also pointed out, the amount of Htz1 at the subtelomeric regions was indeed decreased in the H2A-I112A cells. Since even canonical histones are reported to be reduced at the pericentromeric region and at other regions of chromosomes in H4-L97A mutant cells (Yu et al, 2011) , calculating the amount of Htz1 at the pericentromeric region in reference to the amount of Htz1 at the subtelomeric region may underestimate the effect of the histone point mutation on the amount of Htz1 at the pericentromere. Thus, we did not perform this calculation and instead used the amount of Htz1 in H2A-WT and H4-WT cells as reference points for the amount of pericentromeric Htz1 in the histone point mutant cells in the revised manuscript ( Figure 6H ). We therefore omitted this point from the re-revised manuscript to avoid reader confusion although the referee stated "I think it would be fair to mention this.". Figure 4 This matter has been addressed in the Results section (page 11, line 20 ~ page 12, line 3).
Minor points
The authors claim that "cell cycle progression of H2A-I112A (TBS-I) and -E57A (TBS-II
The ChIP experiments in
7. In Figure 4E , The absolute amounts of protein of each subunit of the CPC in H2A-I112A mutant cells were comparable to those in H2A-WT cells by immunoblot analysis ( Figure 4F ). Because the amount of protein of a given subunit can be assumed to reflect the amount of the corresponding mRNA, it seems that the amount of mRNA for each subunit of the CPC in H2A-I112A cells is comparable to that in H2A-WT cells, as shown in Figure 4E . This seems to be against the referee's claim that mRNA levels of the CPC subunits differ in WT and mutant cells. The above sentences were inserted into the Discussion section of the first revision of the manuscript, according to the referee's original comments. To make this paragraph more concise, we decided to move these comments to the Results section describing the transcriptional effects of histone mutations on chromosome segregation defects (page 11, lines 6-12). Since our data does not allow us to determine whether spindle defects leading to double-stranded DNA breaks at the centromere are the cause of the chromosome segregation defects observed in the histone mutant cells tested here, we deleted the passage describing this model, which was proposed by Guerrero et al (2010) , in order to shorten the revised manuscript.
Response to the comments from Referee 3
